The functional capacity of the liver may be estimated by means of phenoltetrachlorphthalein. This drug when given intravenously, in a normal dog will be excreted solely in the bile and can be recovered from the feces. The output of normal dogs is fairly constant, and the upper and lower limits of excretion may be placed at 65 and 45 per cent., respectively. A normal dog under uniform conditions gives a constant output and rarely varies more than IO per cent. between the limits of 6 5 and 45 per cent.
In earlier publications 1'~ we have reported experiments to show that phenoltetrachlorphthalein is removed from the body fluids by the activity of the hepatic epithelium and escapes with the bile into the intestinal tract. Any poison which injures the hepatic epithelium (chloroform, phosphorus, hydrazin) will cause a drop in the output of phthalein, and this fall in the phthalein curve will be proportional to the amount of liver injury. In severe liver injury the phthalein output may fall to zero. Injury of the liver by actual cautery will cause a fall in the phthalein output, depending upon the tissue destroyed and the inflammatory reaction. Given an actual injury of the liver cell, it will be noted that the phenoltetrachlorphthalein appears in the urine in demonstrable quan~ titles, even I to IO per cent. This is never demonstrated in normal animals.
* Received for publication, December 12, I914. 1 Whipple, G. H., Mason, V. R., and Peightal, T. C., Bull. Johns Hopkins Hosp., 1913, xxiv, 207. 2 Whipple, G. H., Peightal, T. C., and Clark, A. H., Bull. Johns Hopkins Hosp., I913, xxiv, 343. 203 After a liver injury by means of chloroform the liver may repair its injured cells and form new ones. At this time the phthalein excretion may rise above normal, indicating perhaps that the new cells are more active. The same indication of hyperactivity may be noted after small doses of hepatic poisons, which may have an irritant effect or actually stimulate the liver cells. Hyperactivity is quite distinct in the condition of tetany brought about by removal of the parathyroid glands, a Vascular disturbances may so modify the environment of the liver cell as to cause various degenerations; for example, fatty degeneration in passive congestion. In experimental passive congestion the phthalein output may show a diminution depending upon the severity of the passive congestion. The Eck fistula which shunts the portal blood around the liver and reduces the blood circulating through the liver to about one-third normal, will modify the excretion of phenoltetrachlorphthalein.
The ductless glands modify the functional activity of the liver, as pointed out in a recent publication. Pancreatic extirpation is followed by a falling curve of phthalein excretion which may go as low as one-third normal. This indicates that the pancreas is essential for proper liver function and suggests that the pancreas may have an accelerating influence on the liver.
Adrenal insufficiency is accompanied by a fall in the phthalein excretion, and with hypertrophy of the remaining adrenal fragment the liver excretion returns to normal.
Hypophysis extirpation is followed by minor fluctuations in the phthalein curve with a final drop which takes place shortly before the drop in body temperature which precedes the fatal outcome.
Thyroid removal causes no change in phthalein excretion. Parathyroid extirpation with tetany is associated with a maximum excretion of phenoltetrachlorphthalein, and in many instances evidence of hyperexcretion and abnormal activity of the liver cells. We may assume that in the condition of parathyroid tetany the liver cells are acted on by some powerful stimulus,--that in this condition they remove the phthalein from the blood and pour it into the intestine very promptly. In fact, the liver output will almost a Whipple, G. H., and Christman, P. W., Jour. Exper. Med., I914, xx, 297. equal the amount recovered from the feces after mouth feeding, almost a quantitative elimination of the drug through the liver.
All these experiments show how accurate an index of liver activity is the excretion of phenoltetrachlorphthalein. As experimental evidence accumulates we learn to place more and more confidence in this drug as an indicator of hepatic activity. The experiments given below show that ether anesthesia given over a period of two hours may cause interference with liver function lastirLg over a period of twenty-four hours after the anesthesia. There is no comparison, of course, with the injury done by chloroform anesthesia, which causes actual liver necrosis and much greater impairment of liver function.
Paraldehyde in sufficient amounts to produce stupor usually causes a drop in the phthalein curve. Chloral and urethane give very similar results. Small doses may cause no depression, but rather a maximum output, suggesting that small doses may actually stimulate the liver cells.
Alcohol in large doses sufficient to produce stupor for several hours causes a depression of the phthalein excretion and indicates a definite injury to the liver cells. That the liver at this time might be more susceptible to various injurious agents, for example bacteria, seems highly probable.
When phthalein injection gives evidence of a depression of liver activity to two-thirds or one-half normal, we may assume a very definite interference with liver activity. A depression of this amount may be found in an Eck fistula liver, or in one handicapped by passive congestion, or even in one injured by phosphorus or hydrazin. This comparison shows that the injury done the liver by these anesthetics and narcotics, although temporary, is really definite and worthy of consideration.
METHOD.
The method used has been described in a recent publication,4 and in fact these experiments were done at that time with a great number of control experiments. The references givenL 6,T cover all the points concerning the prep~ 4 Whipple and Christman, loc. c#. 5 Whipple, Peightal, and Clark, loc. cir. 6 Rowntree, L. G., Hurwitz, S. H., and Bloomfield, A. L., Bull. Johns Hopkin, Hosp., I913, xxiv, 327. 7 Whipple and Christman, loc. cir.
aration of the drug for injection, the extraction of the feces, and the general control and conduct of the experiments.
EXPERIMENTAL OBSERVATIONS.
ETHER ANESTHESIA.
(7 per cent.). Apr. 24. Abundant feces. Phthalein excretion 31 per cent.
T h e p r e c e d i n g e x p e r i m e n t s s h o w t h a t e t h e r a n e s t h e s i a f o r t w o h o u r s m a y cause a t e m p o r a r y d e c r e a s e in h e p a t i c s e c r e t i o n a n d e l i m i n a t i o n o f p h e n o l t e t r a c h l o r p h t h a l e i n . I t is to be k e p t in m i n d t h a t t h e p h t h a l e i n is i n j e c t e d at the e n d o f the p e r i o d o f a n e s t h e s i a and its excretion takes place during the following twenty-four hours. The evidence shows that the injury done by the drug affects the functional capacity of the liver for the twenty-four hours subsequent to the anesthesia. There is no histological evidence of liver injury, but we have shown elsewhere that this physiological test is rflore sensitive than any estimate based on histological evidence. Ether anesthesia for one hour will scarcely cause any evidence of depressed liver function, and in many instances a two hour light surgical anesthesia will not cause any depression in the phthalein curve of a strong dog. Ett/er anesthesia causes a small amount of phthalein to appear in the urine, which speaks in favor of a slight actual injury to the liver parenchyma. It is seen in the preceding experiment that a large amount of phthalein escapes in the urine after a chloroform anesthesia, which is known to cause outspoken central liver necrosis. It has been shown in earlier communications that injury of the liver cell is responsible for a modification of the phenoltetrachtorphthalein, which permits it to pass the kidney filter. We may assume then that there is in all probability a slight injury produced in the liver cells by two hours of ether anesthesia. other observations given above and in other papers to the effect that a small dose of a drug may stimulate the liver, whereas a larger dose may injure the liver and depress its functional activity. it is hard to show this point clearly in a normal dog, as the normal output is very close to the maximum output under any condition, and to the amount recovered in the feces after feeding the drug.
CHLOROFORM BY STOMACI~.
This experiment (dog 13-35 ) shows the familiar effect of chloroform upon the curve of phthalein excretion by the liver. There is good evidence of injury done to the liver and interference with its capacity to excrete phenoltetrachlort)hthalein. It is possible that the delay in purgation was responsible for a part of the drop in phthalein excretion, but it cannot explain this great drop in excretion which surely was dependent on actual liver injury. SUMMARY. It has been established that specific liver poisons (chloroform, phosphorus) which cause histological changes in the liver cells, decrease the liver excretion of phenoltetrachlorphthalein.
Also vascular disturbances (Eck fistula, passive congestion) with or without histological evidence may cause a fall in the output of phthalein through the liver. Sufficient evidence has been brought forward to show that the phenoltetrachlorphthalein excretion is a valuable index concerning the functional capacity of the liver.
Ether anesthesia for a period of two hours usually causes a depression in the phthalein curve during the twenty-four hours following the anesthesia.
Paraldehyde in doses sufficient to give anesthesia and stupor for a few hours will give a definite fall in phthalein excretion.
Chloral and urethane usually cause a decrease in phthalein output when given in considerable amounts.
Alcohol causes a drop in the phthalein curve when given in large doses sufficient to cause stupor for a few hours. The drop in phenoltetrachlorphthalein excretion is demonstrated in the twentyfour hours following administration of the drug. A drop in the phthalein curve to two-thirds or one-half of normal indicates a definite liver injury and temporary impairment of function.
